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INTRODUCTION 

This thesis is part of a series of related investigations 
concerning the properties of clay 'oeing carried out by the Soil 
Mechanics Department of Rensselaer Polytechnic Institute. It is 
the purpose of this thesis to determine the variation of the 
base exchange capacities of three certain clay minerals with 
hydrogen ion concentration, and also to attempt by spectrogra- 
phic analysis to determine both qualitatively and quantitatively 
the nature of the exchangeable bases present. 

The basis for the work concerning base exchange capacity 
was a series of investigations conducted by J. S. Hosking. We 
attempted to duplicate his methods and confirm his results, at 
the same time extending the theory to Illite which he did not 
investigate. 

R. F. Reuss investigated the use of the spectrograph in 
the identification and classification of clay minerals. With 
his results as a background we attempted to determine the ad- 
sorbed ion content and convert it into terms of base exchange 
capacity, 
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PART II 



THEORY 

A. Theory of the Clay Minerals 

B. Thoory of Base Exchange 

C. Theory of Variation of Base Exchange 

Capacity with Hydrogen Ion Concentration 

D. Theory of the Spectrograph 
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THEORY 



A. Theory of 0 lay Minerals 

The theory of base exchange has been known for 
well over a century. The first classical work was 
that- of Thomas Way, who, in 1650 published, i: The 
Power of Soil to Absorb Manure n . In 1852, May, in 
a second paper concluded that base exchange is caused 
by the clay material of the soil and that this active 
material is an hydrated alumina silicate. May 1 s con- 
clusions from his experiments, as modified by various 
investigators, have stood the test of time. 

Before proceeding with a discussion of base ex- 
change, it would be better to first consider the 
clay minerals themselves. The study of the structure 
of clay material has been closely associated with 
base exchange. The clay minerals are crystalline 
hydrous aluminum silicates produced by weathering of 
feldspars ano. other silicates. The crystalline 
nature of clay was first established by Hendricks 
and Fry in 1930, and is of major importance. 

When ions or molecules combine to form a crystalline 
solid, they tend to group themselves in a geometrical 
arrangement which will result in the greatest possible 
degree of electrical neutralization. The most 
elementary grouping is called a unit cell, and is the 
elementary building unit. 
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For silicon and aluminum, the unit cells are 
termed the silicon-oxygen tetrahedron and the 
aluminum -hydroxyl octahedron. These are the principal 
constituents of the lattices of the various clay 
minerals. They are bonded together by electrostatic 
forces, and since the units are net electrically 
neutral they combine to form tne tetrahedral silica 
sheet and the G-ibbsite sheet, respectively 

Note that in each case , the surfaces will have 
unsatisfied negative valences, and as a result will 
exert an attractive electrostatic force on any atoms 
or ions in their environment which have an unsatisfied 
positive valence or charge in an attempt to reduce 
the surface energy and become electrically neutral. 
Moreover, the atoms at the end of the sheets will have 
unsatisfied valences simply because there are no adjacent 
atoms . 

Thus, it is seen that the electrostatic forces 
exerted by a crystalline particle are due to the un- 
satisfied charges located in the surfaces, edges, and 
corners of the particle. These surfaces, edges, and 
corners arc termed structural discontinuities, and it 
is obvious that the greater the number of discon- 
tinuities for a given volume of matter, the more 
electrostatically active the material will be or the 
greater the quantity of ions required to be adsorbed 

to produce neutralization. 

In the basis of la.ttice structure, the clay 
minerals of major importance may be classified into 
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three groups: Kaolinite, Montnorillonite and illite. 

Each group takes its name from its principal member, 
and it is with these three that we shall concern 
ourselves . 

Some soils contain mixtures of the clay minerals 
but in many soils there is but a single clay which is 
predominant. These lo.tter are mature soils which have 
had time for the clay mineral to reach equilibrium 
in its environment. 

Illite is usually a remnant of the decomposition 
of the parent rock material. Kaolinite and Montnorillonite 
may form from the same parent rock in a different 
environment. Montnorillonite end Kaolinite may form 
from Illite. Kaolinite may form from Montnorillonite 
but the converse seems to be questionable. 

In sediments accumulating on the ocean floor, 

Illite appears to be the most widely distributed clay 
mineral. Ancient sedimentary clays are most frequently 
mixtures of Illite and Kaolinite; occasionally, small 
amounts of Montnorillonite are present. Many so-called 
3entonites formed by alteration of volcanic ash are 
composed of Montnorillonite. 

The composition of Kaolinite is given as 
( OH)8AlhSikO]_o . Its lattice (Fig. A) consists of a 
C-ibbsite sheet and a tetrahedral silica sheet, i.e., 
a 1:1 lattice structure. The charges on the lattice 
are balanced; therefore, it cannot attract external 
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cations except by the negative charges on the 
terminal oxygen ions on the lattice cages. Also, 
the lattice has hydroxyl ions at one basal plane and 
oxygen on the other, which produces a tight bonding 
within tic lattice and between lattices because of 
the strong attraction between OH- and 0 — ions. As a 
result, this lattice structure does not expand and its 
base exchange capacity is very low (3-15 rc.e. per 100 gms.). 
Its exchange capacity will increase with decreasing 
particle size (greater number of discontinuities produced 
by broken bond) . 

Montmoril Ionite has a probable convposition of 
( OHy^Al^SigOgQ x H 2 O. Its lattice structure (Fig. 3) 
consists of one G-ibbsite sheet between two tetrahedral silica 
sheets, i.e., a 2:1 lattice structure. This unit has 
oxygen ions at both basal planes, and therefore, no 
strong bonding force acts within the unit or between 
layers. Water dipoles occupy the space between adjacent 
lattices, and depending on the quantity of water, the 
lattice spacing will vary. Obviously, the greater number 
of discontinuities produced by this expanding lattice 
will greatly increase its base exchange capacity 
(60-100 m.e. per 100 gms.). Moreover, because of the 
greater magnitude of surface discontinuities relative 
to total discontinuities, the base exchange capacity 
does not vary with particle size. 
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Illite has a probable composition of 
(0H}4K y (Al4?e4Mg4M6 6 )Sig_yAl y 0 20 , y varying from 
1 to 1 . 5 - Its lattice structure (Fig. C ) is similar 
to rontaor illonite except that about 15 p of the 
Si-H + positions are replaced by A 1 +++ and the 
resulting excess charges are satisfied chiefly by K+ 
ions between the silica sheets of two adjacent units. 
These K+ ions seen to act as bridges binding the units 
together so that they do not expand in the presence 
of water. Thus, it appears that the properties of 
Illite will range between the extremes as represented 
by Ka.olinite and I-iontnior illonite . Its base exchange 
capacity varies from 20 to 4o n.e. per 100 gras. and 
will vary with particle size. 
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B. THEORY OF BASE EXCHANGE 

It has been shown that unsatisfied negative valences 
exist in the zones of discontinuity. These valences 
in turn are satisfied by cations which are packed in 
the interstices of the polyhedrons and held there by 
the forces (mainly electrostatic) existing between the 
cations and anions. 

Thus , ionic exchange may be visualized as acting- 
in a definite pattern, conforming to Helmholtz double 
layer theory. Tho electro-negative framework of 0 — 
and OH- ions acts as an attractive wall (inner layer) for 
the adsorption of cations. The cations themselves form 
the outer or diffuse layer. This structural arrangement of 
the 0 — and OH- ions remains undisturbed as long as the 
+ and - changes are balanced. The forces of attraction 
arc mainly electrostatic (except perhaps H+ as explained 
later) and are greater the closer the cations can approach 
the oxygen ions. 

It follows, therefore, that ions of different size 
and charge will act differently in their adsorption and 
release. The relationship between ionic exchange and 
properties of the ions has been extensively studied in 
permutits (artificial clays) and natural clays. In using 
the latter it is first necessary to isolate the colloidal 
fraction of the sample and subject it to purification 
processes which will not affect the nature of the colloid. 
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Then study can be made to obtain quantitative and 
qualitative evaluation of the mechanism of ionic 
exchange. 

Ionic exchange varies in intensity with the cation 
studied, and the individual behavior of various ions 
is manifested through a range of concentration. It 
has been found that there is a systematic trend in regard 
to the cation used, i.e., a definite lyotropic series 
exists. Moreover, this series exists for both adsorption 
and release of ions in reverse order, 

In permutit systems the adsorption series is as 
follows : 

Li Na K < Bb Cs H 
Except for hydrogen, these ions arc arranged according to 
their atomic weights and then crystal lattice radii. 

Thus, it would appear that the smaller the radius of the 
ion the less the adsorption. 

This statement, however, appears to be directly 
opposite to what one would expect from analogies of 
attraction and energy relations of crystal lattices. 
According to various investigators, the attraction 
between anions and cations follows Coulomb's Law which 
demands that for cations of equal charge a small ion 
will be attracted with greater force and held more 
tightly than a large ion. This is expressed as follows: 

c s-'* °c where e is the charge and r is the radius 



(r a + r c ) 2 



, h 
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of the cation and anion as indicated. It is evident 
from the denominator that attraction and stability 
are greater the smaller the radii of the ions. Thus, 
it appears that in ionic exchange the cations apparently 
act contrary to Coulomb's Law. 

For an explanation of this, it seems logical to 
attribute the order of the lyotropic series to the 
phenomenon of hydration of ions. Water molecules which 
are permanent dipoles become oriented and attracted, 
turning their negative side toward the cation. The 
number of polarized water molecules increases with 
the polarizing ability of the ion, which is stronger 
the greater its charge and the smaller its radius. The 
small Li ion will, therefore, attract the most water 
molecules and the large Cs ion the least. Thus, the Li 
ion will then be the largest ion and Cs the smallest 
as based on radii of hydration. Therefore, the apparent 
reverse of Coulomb's Law does not exist at all and ionic 
exchange docs follow that lav;, and its mechanism is 
easily visualized. 

The strongly hydrated, large, and voluminous Li ion 
cannot come very close to the negative oxygen ion of the 
crystal lattice. Since there are one or two water 
molecules between the colloidal particle and the adsorbed 
ion, the forces of attraction are weak and are more 
easily replaced by less hydrated and, consequently , 



smaller ions. 
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In natural clays there are irregularities in the 
lyotropic series; e.g., for bentonite adsorption: 

Na<cK “r^Li H 

This may be interpreted as resulting from the reversal 
of the normal hydration order of the exchanging cations, 
i.e., there exists a marked tendency to reverse the 
normal lyotropic series. 

In the proceeding discussion, the hydrogen ion was 
not mentioned because of its peculiar behavior. It is 
unquestionably the best adsorbed ion and is most effective 
in replacing other cations. 

The hydrogen ion consists of only a positive 
nucleus and is the smallest ion known. From analogy from 
before, it should be the least adsorbed cation rather 
than the best. 

This strong adsorption and release is perhaps better 
understood from a consideration of the forces of attraction. 
The bonds existing between the oxygen ion framework and the 
adsorbed cations are considered to be of mere electrostatic 
nature. The adsorbed H-ion naturally tends to form 
OH- ions and even H£0 m.'lccules with 0 — ions of the lattice. 
This attraction between H+ and 0 — is very great, and the 
two ions adhere so closely that the H ion plunges into 
the electron orbits of the oxygen ion. This bond may 
be considered to be of the covalent type, i.e., the two 
ions share two electrons simultaneously. This tyne bond 
represents true chemical linkage most closely. 
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Thus, the difference in type bond seems to explain 
the action of the H-ion. In the case of Li where at least 
one water molecule stands between the 0 — and the cation, 
the attraction is weak and electrostatic in nature, while 
for H+ the forces are strong and seem to be of a true 
chemical type. 

Investigations on the water adsorption of soil 
colloids by various methods show decidedly that the 
hydration of the colloid particles depends upon the nature 
of the adsorbed cation. 

A crystal lattice contains large cavities which arc 
filled with adsorbed ions and water molecules. For a given 
lattice the number of water molecules which can be packed 
into one cavity apparently depends on the number and size 
of the exchangeable ions within the cavity. The smaller 
the number and size of the adsorbed ions, the greater will 
be the number of water molecules in the system. 

In monovalent systems for every cation adsorbed, 
another is released. The number of water molecules 
within the cavities becomes dependent only upon the size 
of the adsorbed cation. The smaller the cation in the 
cavity, the greater the number of water molecules that 
can be packed into the system. 

In divalent systems, for every divalent cation 
adsorbed, two monovalent cations are released. Although 
the entire system remains electrically balanced, the 
place of one of the two cations remains unoccupied. 
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For instance, the volume of two Na ions is 7.88 a 3 } 
while the volume of one Ca ion, which replaces the two 
Na ions, is only 4.99 a 3, This differential space 
can be filled with water molecules. Thus, it follows 
that systems with divalent cations arc more hydrated than 
those with monovalent cations. 

It follows from above that H systems should contain 
the most water of hydration, since the H-ion is the 
smallest ion of all. Data further indicates that the 
number of water molecules in H-systoms is considerably 
greater than that provided by mere space relationships. 
Jenny states that this additional water represents water 
of constitution formed during the process of replacement . 
Because of zho framework of oxygen and hydroxyl ions, 
the replacement of cations by H-ions creates "potential 
water molecules 11 which are liberated upon ignition of the 
new compound. 

Thus, the hydration of H~systems may be visualized 
as consisting of two main parts: first the ordinary water 
of hydration (water films around the colloidal particles 
end cavity water) and second, the water of constitution. 
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C. THEORY OF VARIATION OF BASE EXCHANGE 

CAPACITY NITH HYDROGEN ION CONCENTRATION 

Materials such as clay minerals and complex organic 
compounds , in soils capable of exhibiting the property 
of cation exchange, are in reality weak nultibasic 
acids in which the hydrogen ions are distributed over the 
exposed surfaces of large insoluble anions. These 
hydrogen ions may be wholly or in part replaced by 
metallic cations. Since these exchange materials are weak 
acids, complete neutralization of the hydrogen ions 
capable of dissociation will not take place at the neutral 
point, pH 7, but at a more alkaline reaction, the equi- 
valence point. 

In practice the equivalence point of the clay 
minerals is extremely difficult, if not impossible, to 
determine. As a result, various reaction values have 
been adopted as standard reference points at which to 
express saturation or cation exchange capacity. 

Of these values two, pH 7 and pH 8.4 have a special, 
though not necessarily a fundamental significance. 

The neutral point, pH 7, is of agronomic importance and 
the determination of the capacity at this value is based 
upon a desire for information concerning the lime re- 
quired to neutralize an acid soil; pH 8.4 is of pcdological 
importance since free calcium carbonate may appear in the 
soil at this pH value. 
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In the past the majority of American workers adopted 
pH 7 as the standard of reference. Bradfield and 
Allison (1933) proposed pH 8.4 as a more logical 
reference point. They based their proposal upon the 
observation that in most soils of the humid regions 
calcium is the dominant exchangeable cation, and that 
in such soils it might be expected that the pH value 
would not normally rise appreciably above 8.4 (the pH of 
calcium carbonate in equilibrium with carbon dioxide), 
since any metallic cations in excess of the amount necessary 
to neutralize the exchange complex to this value would 
appear as calcium carbonate. 

However, the reaction value rises appreciably 
above pH 8,4 in soils containing cither magnesium or 
sodium as the dominant or an important exchange cation; 
this is quite normal not only in arid regions, but also 
in humid regions and frequently even in the lower 
horizons of soils with calcium as the principal 
exchangeable ion in the surfa.ee layers . 

It is evident that there is a necessity for agree- 
ment among investigators as to a definition of cation 
exchange capacity as well as to a method for its 
determination . 

Hosking attempted to solve these problems through 
extensive investigation. From his results he determined 
that the most logical reference point for the 
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characterization and comparison of the exchange 
capacities of soils is pH 9« He found for all his 
samples that the cation exchange capacities increased 
from a minimum value at pH 5 to a maximum value at pH 9 . 

He recommends that the terra "maximum cation exchange 
capacity" should be used for the value at pH 9 and that 
for the comparison of the exchange capacities of soils 
and colloids this maximum value should be used. 

'.Thilc such a point is of fundamental importance, 
a value of raore practical significance so far as each 
individual soil is concerned is its exchange capacity 
at its own pH value. This value is a definite characteristic 
of the soil as it occurs in its natural state. Since, 
however, any treatment in the field will necessarily upset 
the balance in the extent and nature of the exchangeable 
cations present, and must result in some variation in the 
pH value, the pH of the soil may become somewhat transient, 
in the surface layers at least, under cultivation , and a. 
knowledge of the likely variation in cation exchange 
capacity with change in pH is essential. 

The method employed by Hosking is described 
(modifications noted) in the Procedure. It may be used 
to determine, in a single operation, exchange capacity 
of soils over the useful range from pH 5 to 9 and beyond 
this for mineral samples. It has the advantage over 
other methods in that only small samples (as low as 0.1 
to 0.5 g) may be used where material is restricted and is 
relatively rapid. 
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D . THE SPECTROGRAPH 

By supplying energy to the atoms of an clement in 
the form of heat and other methods , the electrons in 
the outer shells or orbits are displaced to levels of 
higher energy creating what may be termed an "excited" 
state of the atom. These "excited" atoms are unstable 
and tend to return to normal emitting their surplus 
energy in the form of light. The light thus emitted 
is made up of discreet wavelengths which arc characteristic 
of the clement and range from the far ultra-violet 
to the infra-red, (1500A 0 - 7500A°). In general, this 
process is not greatly altered by chemical combination, 
each clement in a compound emitting its own characteristic 
spectra of wavelengths. 

If the light emitted by a particular group of 
elements is dispersed by some means such as a grating or 
a prism, the individual wavelengths may be recorded on 
a photographic plate and identified. As the amount of 
an element in the source becomes very small, their 
ultimately remain only a very few lines of its spectrum. 
These lines will always be the last to disappear and will 
disappear in the some order. They arc known as the 
"persistent lines". 

It follows that in qualitative analysis for an 
element, if the persistent lines are absent, that 
element is not present in the sample. For quantitative 
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analysis , the amount of each element present will deter- 
mine the relative intensities of its spectral lines on 
the plate. The measure of the intensities can be made 
by the use of a densitometer. 

In order to determine the adsorbed ion content of 
a material such as the clay minerals investigated it is 
necessary to analyze qualitatively and quantitatively 
samples of the material before and after treatment to 
remove the adsorbed ions. The difference in amount 
present in the samples should total the adsorbed ion 
content , 
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Part III 



AT' np I ’'LS ANP APPARATUS 
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I'ate rials arr 1 Apparatus 

Th° t’T-ac certain clay rinoralr use'" in t’^is in- 
vestigation are as follows: 

PAOLIMIT j-fr^m Pry branch, Georgia 
GRUapiT^-an I’lite rearin' - shale from Joliet, 111. 
tt" mt o rl lT‘ n -f r or ,7 yor in" 

Tli-' esuiprv'nt user! for trso exchan "O ca ^city de- 
terminations is as fol‘ l o'"st 

Ontrifu^e— Gize 1, Tyne C (international ^ uin. Co.) 
Poller Particle Size Analyser (American Inst. Co.) 
T Pje.V’a’'l distillation Annaratus 

Th° three starv’ar'" cl'-ys use-'’ in th^ sn r, ctro~ranhic 
■■'or 1 : for the nlottin of t'"- n "or 1 in'* curves as ox-G^ined 
in the Procedure are as follows* 

PAOLlMlT^-f row Paeon Georgia (H-4) 

ILLTT^-fron Fithian, 111. (H -35 

pTmif on it' -f ran Clay Sour, r 7 or- in ~ (H-26) 

These standard clay miners.! ^ r°ve he^n collated 
and identified hy +-he Ane~ ic^n Petroleum Institute. 

The rooctro"r "ohic e r uiomont used i r - as folio 's* 

Lce'"s and Northruo Pens itor 1 ^ ter , Cat. No. 07 no_r> 
Leeds an - ’ Worthruu Snc-edona*' Recorder 
Paird A r 'roci -i te s Gratin': Gp^ c tro**ranh 




-^_j- o ^ The 'Dev\S«+ov^e'+e^ 




'Pkstb UPS’ X^sito^eie+' ^coirdev 
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Prrt IV 



PROCTTUFP 



A. Preparation of Samples for Pas° Dxchame Capacity 
Pate" ninatio^s 

3. Determination of Or-ani' Tatter in Clay Ramins 
C. Rn^ctro-'ranhic Analysis 
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Preparation of Sample for the 
Determination of Base Exchange Capacity 

Soil in the natural state generally consists of 
both cohesive and non-cohesive fractions. It is the 
former, often broadly referred to as clay with which 
we are concerned. This clay fraction is further 
divided by particle size. Below 2 microns (u) a 
definite change in physical properties is observed. 

This fraction <^2 u is called the "active fraction". 

Since particle size influences the activity, it 
was decided to run all tests on a given particle 
size. The choice of size resulted from several con- 
siderations. Atterberg states the 2 u particles 
exhibit a definite change in properties; a distinct 
change in physical properties and commencement of Brownian 
Movement. It was thought unwise to set merely an 
upper limit, since the gradation of smaller sizes would 
be unknown. Considering both these views, the fraction 
1-3 u was selected. If subsequent investigators use this 
same fraction, the comparative results will be more 
meaningful and should be closely duplicated. 

The presence of organic matter affects the base 
exchange capacity, and the procedure followed in its 
determination differs for clays with and without 
organic matter. Each type — Wyoming Bentonite, Georgia 
Kaolin and the Illite bond clay was in turn saturated 
’with hydrogen mer oxide and then dried to ascertain 
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any weight change which would indicate oxidation 
of organic matter. Negative results were found on 
all three types, thus permitting identical procedures 
for base exchange capacity determinations. 

Stoke's Law was applied to separate the desired 
particle size. He stated , "the resistance offered 
by liquid to the fall of the particle varies with 
the radius of the sphere and not with the surface." 

According to the formula: 

V = 2 (dp-d) g r 2 
9 Tj 

V velocity of fall in cm. /sec. 
g acceleration due to gravity in cn./sec.^ 
dp density of particle in gm./c.c. 
d density of liquid in gm./c.c. 
yy viscosity of liquid in millipoises 

Several inherent limitations of Stoke 's Law should be 

discussed. Clay oarticles are flat disc-shaped 

particles rather than spherical. The density is 

another factor affecting the accuracy of the law. 

The different mineralogical and chemical composition 

of the feldspars and micas result in density variations 

of 2.55-2.75. 'The generally accepted value of 2.65 

was used in our mechanical analysis. Saver emphasizes 

that it is essential to note that the density of 

clay oarticles decreases with particle size when 

determined in aqueous suspension. This is due to the 

higher hydration of che smaller oarticles. 

Three methods were used to isolate the sample 



fractions, all of which are based on Stoke's Law: 
sedimentation, centrifugation, and air suspension. 

Sach will be discussed separately. 

The Illite bond clay was separated by successive 
sedimentation. As-received material was sieved and 
the material massing #200 mesh was retained. The time 
required for a 3 u particle to settle a given depth 
was calculated. The material was dispersed in distilled 
water with a high speed mixer for ten minutes. Sodium 
oxalate was added as a def locculating agent as 
recommended by Haver. This mixture was poured into a 
plastic cylinder and allowed to settle for the given 
time. After that period had elapsed, the suspension 
above the given depth was decanted. It contained 
particles <^3 u. This suspension was allowed to 
settle again, for a time sufficient for particles of 
1 u to fall a given distance. The suspension above 
this depth was decanted .and discarded as it included 
particles 1 u. The sediment (of the desired 1-3 u 
size) was dried and retained for test. 

The Georgia Kaolin was separated by centrifugation. 
The centrifugal force exerted oer unit mass unon a 
given particle depends upon the distance of the particle 
from the axis of rotation. This is expressed by the 
relation : 

Centrifugal Force = linear velocity 2 or V 2 

radius of rotation R 
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This fundamental equation wa s modified by Steele and 
Bradfield to: 



t *■ 'O log ^2 

' 1 R 1 

3.81 N 2 r 2 (d p-d) 

viscosity in poises 

P. 2 ,Ri measurements of centrifuge tube in cm. 

N revolutions per second 

r- radius of particle in cm. 

dp-d densities of liquid and particle, in gn./c.c. 

t time in sec. 



Carter 



of r o7.it lOn- 




L 

! 





Successive centrifugation was employed. The time and 
speed of rotation were determined for particles of 3 u 
to settle a definite depth equal to (R 2 -R 1 ). The 
suspension was then decanted for another centrifuging. 
'The time and speed was recalculated for particles 
y 1 u to settle. The sediment collected after the 



second centrifuging was retained and dried as sample. 

The centrifuge used was Size 1, Type C. Inter. Equip. Co. 



The Wyoming Bentonite fraction was isolated by 
use of the Roller Particle Analyzer. Stoke 's Law may 
be directly applied to the air flow required to raise 
a particle of a given size. The relationship between 
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densities of air, particle, and air velocity only need 
be known. 

This principle was incorporated in the develop- 
ment of the Analyzer. This apparatus is used by the 
Powdered Metallurgy Laboratory and was graciously loaned 
by that department. The principle employed is merely 
that a riven air flow will just support a certain 
oritica.1 particle size; all smaller particles rising. 

The as-received material was hand ground and sieved. 

The portion passing #200 mesh was retained and fed 
through the Roller Analyzer for segregation of particle 
sizes < 3 u . Since Jenny states that the base exchange 
capacity of Mo n t no r i 1 Ion 1 1 e does not vary with particle 
size, it was felt that it would be unnecessary to 
isolate the 1-3 u fraction, and that the < 3 u fraction 
would be satisfactory for a comparative analysis with 

the two other clay minerals investigated. 

Preparation of Mixed 5 ancle 

A mixed sample was prepared for EEC determinations. 
Equal parts by weight were taken of KAGLIK, ILLITE, and 
BEMTONITE. They were thoroughly mixed by hammer and pestle. 
The sample was then stored in the oven at 105°, to await 
test procedure identical to that used on each of the clay 
types individually. The EEC was determined at pH 9, the 
value at which each of the three types indicated a 



maximum BSC. 
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SCHEMATIC DIAGRAM, of ROLLER ANALYZER 




boiu 6v A ^ E K \ C. A M l(\]STi<vf\t MT C O- 
SiLVdK SPRING , PM). 
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Procedure 

Perhaps the most widely used method for the 
determination of total base exchange capacity is that 
of ammonia distillation. The U. 3. Bureau of Public 
Roads adopted a procedure basically identical to the 
procedure outlined below. The characteristics of the 
primary reagen'c used must conform to several patterns. 
First the attractive forces of the ammonia must be 
sufficiently great to interchange with those ions 
originally attached: although ammonia is at the weak 
end of the lyotropic series , this is accomplished by 
lengthy and repeated saturation by ammonium acetate. 

Once attached, ammonia is easily disassociated from 
the colloid by distillation. The final step consists 
of titration with an acid to neutralize the ammonia. 

The quantity required is a direct measure of the 
colloid's base exchange capacity . 

J. S. Hosking, ii.Sc. , Ph.D. , used the procedure 
as outlined in Ref. 1 to determine the cation exchange 
capacity of soil colloids with variation of hydrogen ion 
concentration; the following procedure was modified to 
use boric acid in step 6 and titration in step 7 was taken 
from text mentioned. 

1. Weigh oven dried sample (105°C) 0.10-1.00 gm. 

The subsequent filtrations are expedited by 
using small samples. 
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2. Saturate the sample with the ammonia ion. 

Add 22.5 ml. of ammonium acetate at desired 
pH; cap and shake vigorously. Place in water 
hath of 60°-70°C for two hours — shaking every 
15 minutes. Remove from bath. Allow bottle 
and contents to stand over night. 

Filter suspension through Buchner funnel 
fitted with 4.2 5 cm. Whatman #44 filter 
paper (moisten with same solution as leachate), 
using slight suction by aid of aspirator. 

Rinse bottle and cap vrith leachate until no 
sample remains. Continue leaching with 
5-10 ml. portions of solution until total 
leachate of 100 ml. is collected. Sample 
should be allowed to drain completely be- 
tween each addition. 

3. Leachate nay now be examined to determine 

exchangeable bases. This chemical process 
is long and complicated; spectroscopic analysis 
may be substituted with no sacrifice of 
accuracy. 

4. Excess ammonia (unattached) is washed off 

with alcohol. Leach vrith 5-10 ml. portions 
of 60> alcohol, washing down material adhering 
to sides of filter. A total of 50 ml. is 
sufficient. Finally rinse sample with two 
lots of 5 ml. 95/s alcohol. Allow to dry. 
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Avoid, prolonged, exposure to air or some 
ammonia will be lost. 

5. Transfer sample into Kjel&ahl Distillation 

Apparatus. Direct transfer of sample into 
distilling flask is difficult. It is advisable 
to transfer sample and paper into a small 
beaker from which both are carefully washed 
into the flask. Rinse beaker completely 
with distilled water, and then continue until 
sample is diluted by a total of 250 ml. Place 
10 ml. of 0.1 N HC1 in flask to prevent any 
loss of ammonia as it stands in flask. If no 
organic natter is present, add 25 ml. of 1.0 
N NaCH to the flask. (0.5 gn. of KgO if organic 
natter is present). 

Two glass beads are inserted to reduce "bumping" 
as gas becomes superheated. 

6. Distillation in Kjel&ahl Apparatus. 

Contents of flask is distilled into 50 ml. of 
boric acid solution. Distillation continues 
until 250 ml. of distillate is collected. 
Practically all ammonia has been disassociated 
by this time. 

7. Titration for determination of total base 

exchange capacity, (from Standard Methods 
for the Examination of Water and Sewage ; 
published by the American Public Health 
Association p. 118-119). 
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Reagents: Boric acid solution. 

Dissolve 40 gin. of certified 
pure boric acid crystals in 1 
liter of ammonia free distilled 
water (this may be accomplished 
by placing permutit in container 
of distilled water and shaking) . 

Sulfuric acid 0.05 N 

Kethyl red indicator. 

Procedure: Titration should be undertaken 

with white porcelain plate to 

match colors. A blank should 

be run on the reagents used, 

the color of which should be 

matched. 

Take flask into which distillate 
has been collected. Add 3 drops 
of methyl red indicator and 
titrate the ammonia with 0,05 N 
sulfuric acid, matching the end 
point with that of the blank 
containing the same reagents and 
distilled in a similar fashion as 
other samples . 

8. Calculation of total base exchange capacity: 

The cation exchange capacity of the sample at 
any particular pH value, in milli-equivalents 
per 100 gm . of dry soil nay be expressed as: 
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B. E. C. = 100 N (B-T) 

W 

N normality of titrating sulfuric acid 
B-T ml. of titrating agent used to 
match color with that of blank 
W weight of dry sample in gns . 
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TABLE I 

PREPARATION OF AMMONIUM ACETATE SOLUTIONS 

For Desired pH Solution, Mix following Amounts of 

Reagents (in milliliters) 



pH 


Acetic Acid 
( 17.6 N) 


Acetic Acid 
(5 N) 


Amm. 
Acetate 
(1 N, 
pH 7 ) 


NH4OH 
(1 N) 


NH4OH 
( 15.1 N) 


l± 


366.5 


— — 


— 


— — 


66. 2 


5 


107.0 


i 


— 


— 


66.2 


6 


— 


16.2 


1000* 


— 


i 


7 


— 


— 


1000 




— 


8 


— 


— 


980. 


20 


— 


9 


— 


— 


833.3 


— 


11.02 


10 


— 


— 


85 A 




61,9 


11 


— 


— 


12.8 




| 65 A 



* Final Dilution to 1016.2 ml. 
All other dilute to 1000 ml. 



The above solutions were prepared and then checked 
periodically by a Beckman pH Meter. 
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Procedure for Pet erring ti on of Qr_ 2 nic ratter in Clay 
g an al ° s 

The nr oc enures for ttv dete'-rinati ^n of tota? P. E. 0. 
suyvestecl hy -J. S. Hostin' used '-xclusively in our 

investigation differs for sunnier v, ith or ,: it>out organic 
matter. Since organic ratt'-r oxi^i^es in hydrogen nnr- 
oxid.e, any loss in voi^^t of the sample ’"ould indicate 
its ares one ^ , TV* followin'’ ri-nle test vr rs uso^ to 
ascertain its nres^nce or "hs^nce: 

1. r ’ei~h oven-dr v sTplo (105 

r . Saturate ”'ith ’nydro^^n o^ro"i'’e (30 s ? Cert. Pure' 

3. Pry sarnie in oven at 1P5 C 

A . r ei -h sarnie. Th^ lo^s in r 'ei ~ht after treat- 
rent T 'it-i aydrov^n v- '<-*roxid° n"’ r ho expressed as 
ne v centa-e hy ”*ei\it 



of or^ n nic natter. 
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C. Procedure for Soectro^raohic Analysis 
P late Ca li bra ti on 

Is stated before the amount of each element ore sent 
’Till determine the relative intensities of its soectral 
lines on the elate. In "eneral the relationship between 
the amount present and the line intensity is expressed 
by the ecuation- 



C - concentration 
I ' line .intensity 
t time of exnos ure 
y ( .' r ,rre constants 

By aoplyinr this relationshio to two elements and 
subtractin'* me ret 



If element ° is one vr hose concentration is T 'no v, n 
to remain constant, it is termed, an internal standard 
an' 1 me may write Ion C r K? loe I constant (Z) 



C - concentration 

I - Relative intensity of analysis 1’ ne 
I --Relative intensity of internal standard line 
V. ~ is a constant 

Conseauently concentration can he determined from 
a r *raoh on which concentration is slotted against inten- 
sity ratio or any function of intensity ratio. 

In order to determine value** of I -x it is necessary 



to calibrate the emulsion so that density readings from 



loc C -- F , lor; I (1) 




I 
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a densitometer nay be converted to intensity readings. 

One net hod 7V hich vto rks very '- r ell is the ,! tvm line 1 * 
method, so called, because tv/o ^norn snectral lines "re 
used "Those intensity ratio remains constant under ordin- 
ary operating conditions over a ri^e r^n-e of exnosures. 
These lines should also lie r *ithin a suitable nave length 
ranee, be sharrly defined and bo free fron interfering 
effects by other elements. 

The lines used * r ore the iron lines 30 ^ 7 . c an d 3037.4. 
A set of eroded exnosures fron reah to strong "’ere node 
hy varvin"’ the degree of onenin^ of the rotatin'" sector. 
Densitometer deflections ’ ere measured a.n rl the urelimin- 
ary curve dram fron the correspondin' - Reflections. 

Frulr ion Calib r at ion Curv e 

If tho ratio of the t”o iron lines mentioned above 
is r, this nrelininory curve can no’ 7 be used for any 
"iven density to determine the density corresnondinr to 
a fractionsl intensity increase of r. This rives a means 
of olottinr density against log of relative intensity, 
i. e. startin'* v ’ith a density vnlue r’-*ich represents, 
say, the li**htest reading that rill ^e re mired in anal- 
ysis, a relative intensity of 1 rill he chosen for this 
noint. Then for an intensity of r»l- r the next dens- 
ity noint ’"'ill be read from the preliminary curve, and 

2 . 

for th° next intensity rxr - r the next density, etc. 

A table rill therefore be built as f ollors : 
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Read . ;' £ 



Pensity 



Pel. Intensity Loa Rcl. Int, 



0 

1 

o 

3 



D, 
D 
n . 

d". 



1 

r 

r- 

r 



lo~ r 
P loe r 
3 lor; r 



Since 1 o~ r is a constant -r c no - note that xe are 
nlottin" our density values against a successively re- 
peatin'' constant interval, an" 1 that any convenient cons- 
tant can he used for r since in analysis 1 r e calculate 
relative intensities. 



"'p ric in'" Cur ves 

It Vs bo'n previously shomn re-mardin the concen- 
tration of an element t^at: 

loe C K , lo" (I ■. ^ constant (o) 

UT 1 

I ' is the intensity of a line of the so-called. 

"internal standard" rrhich is in general a line of the 

matrix constituent or a constituent v no’ n to bo present 

in approximately aonstant percentage in both standards 

and samples. It is seen that a plot of concentration 

v.s. I ■ (or a constant function of that retio^ on lo'~- 

lor- nap^r shoul" 1 he a straight line an r! that it vr ill he 

a si r ole matter usin'- th~ densitometer readings an H 

emulsion calibration curve to evaluate I a for any 

I;-, 

hno ,r n svstom. One"' such a plot is established it can 
be used to determine composition for uohnomn material 

Y'hcn the value of has been obtained. Pinco these 

I... 

curve*-* are than the basis for analysis, they have been 
termed ii ’- , oi" , dn‘ curves." 
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Due to the mny variables involved in the nren- 
nr&tion of the sooctrum, th rt uorhin * curves have been 
found to shift from day to day in suite of rigorous 
control of the nrocass^s. In -^r-eral, ho’ ever, the 
constant T. is not affected by such fluctuations so 
that the shifted curve is s^n-rally parallel to the 
ori'in"!. Corrections may therefore h- p^e hy -includ- 
ing one or t vr o standard servo leg "ith "very analysis to 
determine the pa'-nitu^e of th" shift. 
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P roeera t ion of S amples for the Snectr o '-r a oh 

The s- o r'pl~e • ^re all prepared. usin'* the same method 
as Reuse employed in his investigation. One part sample 
is mixed vr ith five parts so rl iura fluorine and twelve p-rts 
'•ranhite . 

T’/o factors affect the mot ho' s of ore 'a ration used. 
First, the met ho' 1 of preparation should not be time con- 
sumin' - , and secondly, the preparation should ’•>© carried 
o”t vrith the aim of reducin'* the minera logical differ- 
ences of the clay standards and unhnomns . 

Roues found that fo'*’ runs on plain samples there 
vras a definite l^c 1 ' of analysis lines, and lo* r density 
for those nresont because of the bi"h non-con^oc tiny • 
nature of the clay minerals. The addition of yrao’iito 
resulte d in to-' rroat intensities at ° KVA ao r mr; and 
at °/3 KVA no ,! or, the pineralo~ic.nl differences oro- 
ducod discrepancies . To eliminate this l^tt^r error, 
a flux of sodium flourjm’e as added. The no" r er used, 
vras ° KVA '"’■'ich. increased the flux 'Ction duriny the 
lonyor nrosnar 1 : time. The not result ”a S p sample 
vhose crystal structure ••as destroyed before t hm expos- 
ure mas made, and a decrease in "ionralo"ical differ- 
ences . 

In ma v in~ a run for quantitative analysis and de- 
terrinr.tion of adsorbed ion content, it is necessary to 
include on the r ~nc elate so^ctra of the followin''; 
iron for locatin'* position on th r ' Plato, t' r o or t^rco 
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clay standards to choc 1 '* forkin'- curve a, and fr-'o or 
throe canolas of both treated ~nd untreated unVnou'n 



clay a . 
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PART V 
RESULTS 

A. Base Exchange Capacity Determinations 

B. Spectrographic Analysis 
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RESULTS 

Results of 3EC Determinations 

A. Max. BEC for the three clay types investigated 
occurs approximately at pH 9. 

B. Max. BEG of KAOLINITE averaged 7.9 me/100 gn. (Fig. D) 
Max. BEC of ILLITE averaged 17.5 me/100 gm. (Fig. E) 
Max. BEC of MONTMORILLONITE averaged 79.0 me/100 gm. 

(Fig. F) 

C. Comparison of results of BEC on mixed sample and 

arithmetic proportions of results of the components 
given above: 

Arithmetical: (BEC taken from results on graphs) 



Clay Type 


Max. BEC 


BEC/3 


pH 


KAOLIN 


7.9 


2.6 


8.9 


ILLITE 


17.5 


5.8 


8.7 


MONTH OR- 


79.0 


26.0 


9.0 


ILLOHITE 




34.4 me/100 gm. 





BEC of mixed sample at pH 9 = 26.5 me/100 gm. 

(Mean value indicated on graph Fig. G-) 

D. Hone of the clay minerals tested exhibited the 

presence of any appreciable amount of organic matter 
(Table II). 




i V 






pH Ammonium Ace 




t 



x 

CL. 



Ammon i uk Acetate 





UJ 

l cc 
< 

V* 

UJ 

<_> 

<C 



5 ! 

2 

2 

o 

£ 

£ 

<C 

n: 

a- 





h 

\n 



u 



d 

aJ 

;jq 

£ 

a 

2 



43 



RESULTS OF ORGANIC MATTER DETERMINATIONS 





KAOLIN 


ILLITE 


BENTONITE 


lit. Sample + Dish 
'it. Dish 


21.9357 

17.4678 


95.5792 

87.1362 


21.0014 

17.0057 


lit . Sample 


4. 48 7 9ft' n 


8.4430 


3.9957gra. 


lit. treated Sample + Dish 
lit. Dish 


21.9496 

17.4678 


95.5785 

87.1362 


20.9735 

17.0057 


lit. Sample 


4.4818gm 


8 . 4423 


3. 9678gm. 


Loss in lit. 


4.4879 

4.4818 


8 . 4430 
8.4423 


3.9957 

3.9678 




0 , 006lgjn 


0.0007 


0.0279gm. 


fo Organic = 

Loss in wt. x 100 


0.0061 
4 . 4818 


0.0007 

8.4423 


0.0279 

3.9678 


'it. Sample 


100 = 
0.14# 


100 = 
0.01# 


100 = 
0 . 7 # 


COMMENT : 


Inappreci 
ial pres 
Therefor 
nay be u 
capacity 


able organic raater- 
ent in all types, 
e, same procedure 
sed for exchange 
■ determinations. 



TABLE II 



RESULTS 



Results of Sue ctr Paraph Analysis 

The preliminary curve coincided with the curve used 
hy Reuss and also with the curve in use in the Metallurgy 
Department. Therefore, it was unnecessary to solve for 
the emulsion calibration curve which is the same as 
Reuss' s and the one in use in the Metallurgy Dept. 

(Fig. H,I) 

The analysis of the standards used plotted on a 
straight line parallel to the original working curves of 
Reuss. Therefore, it was assumed that the working curves 
merely shifted parallel to themselves as explained in the 
procedure. (Fig. J) 

The results of the quantitative and qualitative 
analysis of the untreated and the treated (H-Clays 
supplied by Ennis and Hufft and prepared in conjunction 
with their thesis "An Investigation of the Effect of 
Ionic Substitution on the Atterberg Plasticity Constants 
of Certain Clay Minerals" ) clay samples are listed in 
Table III. 

3y converting the difference in ner cent of the 
metallic oxides considered exchangeable present in the 
treated and untreated samples to milliequivalents per 
100 grams of sample , the partial and total base exchange 
was calculated (Table IV) . . The total base exchange 
values thus computed were as follows: 

KAOLINITE 6. 9.2 me/100 gm. , Illite 25.1 rne/100 gn. and 
BENTONITE 50.29 me/100 gm. 
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PRELIMINARY CURVE 



Settings 

Power 

Inductance 

Slit Width 

Wave length range 

Pres park 

Exposure 

Electrodes 

Plates 



2/3 KVA 
8 millihenries 
50 microns 
2400-3800 A 0 
5 seconds 
17 seconds 
Iron 

Eastman Kodak No. 1 
Spectrum Analysis 



Line 


Rack 


Sector 


Densitometer 
A 30 3 7 A 0 


Deflections 

3047A 0 


1 


350 


70° 


.149 


.161 


2 


375 


450 


.072 


.083 


3 


400 


22° 


0 


0 


4 


425 


11° 


0 


0 


5 


450 


90° 


.218 


.235 


6 


475 


120° 


.312 


.330 


7 


500 


180° 


,615 


.640 


8 


525 


Open 


l.l4o 


1.17 



DENSITOMETER DEFLECTION Fe -303 7 






Preliminary Curve (from rfuss) 

DENSITOMETER DEFLECTIONS 

IRON SPECTRUM 
LINE 304-7 v 5 3037 




Fig- - H 



DENS ITOMC R. DETLECTION 




O [» ■ » I J I I 1 I 1 f_ ) < t l > I l„i 1 I I 1 4- - 

o 0's ,c< .Of .ot.oT.oj.ol . I .if .1 ■ zs.'i .4 .5 .6 ,0 .<« I |.S Z 2S 3 

I LO(r / v 

' loc a (relative) 

Fis-.-I 



ANALYSIS 



Sample: 1 Part Standard Clay 

5 Parts Sodium Fluoride 
12 Parts Graphite 



Settings : 



Power 
Inductance 
Slit Width 
Gap 

Pres park 
Exposure 
Wavelength Range 
Plate 

Development 

Electrodes 



2 KVA 

8 millihenries 
50 microns 

3 m.ra. 

5 seconds 
20 seconds 
2400-3800 A° 
Ea.straan Kodak: #1 

Spectrum Analysis 
6 min. 18.5°C 

D-19 Solution 
High Purity Carbon 



Lines used in the Analysis 



Si 


2988 


Fe 


2599 


A1 


3066 


Ca 


3006 


Ti 


3261 


Mg 


3332 


K 


3217 


Na 


3189 
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Sample 

IRON 


Line 


Rack 


Remarks 


1 


45 o 


Full Sector 


2 


475 


90° Sector 


B-stand. 


3 


500 




K-stand. 


4 


525 




I-stand. 


5 


550 




B 


6 


575 




K 


7 


6 00 




I 


8 


625 




H-B 


9 


650 




H-K 


10 


675 




H-I 


ii 


700 
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STANDARD BENTONITE 



Wave Length 


Dens . 
Def lec 


Emuls . 
Cal. 


Intens . 
Rat . 


Cone . 
Rat. 


Si 


2988 


.276 


.176 






Fe 


2599 


.299 


.193 


1.10 


.0487 


A1 


3066 


.353 


.238 


1.35 


• 30 


Mg 


2795 


.571 


.5^5 


3.09 


.0485 


Ca 


3006 


.072 


.055 


.31 


.00164 


Na 


3189 


.770 


1.09 


6.20 


.0236 


K 


3217 


.033 


.037 


.21 


.00508 


Ti 


3261 


.010 


.004 


.02 


.00131 
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STANDARD KAOLINITE 



Wave length 


Dens . 
Def lec . 


Emu Is . 
Cal. 


Intens . 
Rat . 


Cone . 
Rat. 


Si 


2988 


.262 


.164 






Fe 


2599 


.060 


.049 


.30 


.010 7 


A1 


3066 


.830 


1.23 


7.5 


.7730 


Ca 


3006 


.301 


.205 


1.25 


.0130 


Ti 


3261 


.860 


1.475 


9.0 


.0282 


Mg 


3332 


.012 


.0155 


.095 


.0056 


X 


3217 


.060 


.049 


.30 


.0096 


Na 


3189 


.550 


.492 


3.0 


.0089 



50 



STANDARD ILLITE 



Wave Length 


Dens . 
Deflec. 


Emuls . 
Cal . 


Intens . 
Rat . 


Cone. 
Rat . 


Si 


2988 


.108 


.076 


• # 




Fe 


2599 


.200 


.125 


1. 65 


.0915 


A1 


3066 


.159 


.103 


1.36 


.3130 


Ca 


3006 


.113 


.085 


1.12 


.0112 


Ti 


3261 


.449 


.3^2 


4.50 


.0143 


Mg 


3332 


.225 


.145 


1.90 


■ .0392 


K 


3217 


.018 


.023 


• 30 


.1002 


Na 


3189 


.112 


.084 


1.10 


.0026 



•tot 



.S3l 



Working Curved (from r fuss) 

densit/ PATIO V 5 CONCENTRATION RATIO 




Fig-J 
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UNTREATED BENTONITE 



iifave 

Length 


Dons. 
Def lec 


Emu Is , 
Cal. 


Intens . 
Rat . 


Cone. 
Rat . 




/«* 

Oxide 


Si 


2988 


.725 


1.05 






81. 3 


Fe 


2599 


.571 


.63 


. 60 


.0253 


2.06 


A1 


3066 


.023 


.027 


.026 


.0565 


4. 60 


Ca 


3006 


.405 


.304 


.29 


.00115 


.094 


Ti 


3261 


.062 


.053 


.05 


.0025 


.203 


| Mg 


3332 


1.01 


2.00 


1.90 


.0374 


3.04 


K 


3217 


.310 


.22 


.21 


.00394 


0.32 


Na 


3189 


1.05 


2.52 


2.4 


.00616 


.50 
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UNTREATED ILLITE 



Nave 

Lenpv*kh. 


Dens . 
Def lec . 


Erauls . 
Cal. 


Intens . 
Rat . 


Cone. 
Rat . 


/° 

Oxide 


Si 


2988 


.562 


.55 






52.0 


Fe 


2599 


.871 


1.56 


2.85 


.166 


8.60 


A1 


3066 


.7 08 


.96 


1.75 


.383 


19.90 


Ga 


3006 


>78 


.396 


.72 


.0047 


.243 


Ti 


3261 


1.4o 


4 . 4o 


8.0 


.0203 


1.055 




3332 


>78 


.396 


.72 


.0223 


1.16 


K 


3217 


.582 


.66 


1.20 


.132 


6.85 


Na 


3189 


.610 


.715 


1.30 


.0025 


.132 
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UNTREATED KAOLINITE 



Wave 

Length 


Dens . 
Def lec . 


Erauls . 
Cal. 


Intens . 
Rat . 


Cone. 
Rat . 


% 

Oxide 


Si 


2938 


.106 


.072 






5 0.2 


Fe 


2599 


.072 


.055 


.76 


.0351 


1.76 


A1 


30 66 


.510 


.424 


5.9 


.596 


29.9 


Oa 


3006 


.020 


.028 


.39 


.00205 


.103 


Ti 


3261 


.7^0 


1.08 


15 


.0295 


1.48 


Mg 


3332 


.160 


. 104 


1.45 


.0301 


1.51 


K 


3217 


.053 


.045 


. 63 


.0411 


2.06 


Na 


3189 


.450 


.36 


5.0 


.0175 


.375 
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TREATED H~ BENTONITE 



Nave 

Length 


Dens . 
Def lec. 


Erauls . 
Cal . 


Intens . 
R at . 


Cone . 
Rat , 


Oxide 


Si 


2983 


.78 


1.10 






81.00 


Fe 


2599 


.61 


. 65 


.59 


.02470 


2.00 


A1 


3066 


.019 


.027 


.025 


.05500 


4.450 


Ca 


3006 


.014 


.011 


.01 


.00005 


.004 


Ti 


3261 


.014 


.011 


.01 


.00127 


.103 


Mg 


3332 


.84 


1.32 


1.20 


.02810 


2.280 


K 


3217 


.30 


.198 


.18 


.00346 


0.280 


Na 


3139 


.97 


2.20 


2.0 


.00494 


.400 
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TREATED H-KAOLINITE 



Wave 

Length 


Dens . 
Def lec . 


Erauls . 
Cal. 


Intens . 
Rat . 


Cone. 
Rat . 


■ 

P 

Oxide 


Si 2988 


.318 


.208 






49.9 


Fe 2599 


.262 


.162 


.78 


.0353 


1.76 


A1 3066 


.81 


1.25 


6 . 0 


.602 


30.1 


Ca 3006 










0 


Ti 3261 


1.10 


3.12 


15 


.0295 


1.47 


Mg 3332 


.339 


.302 


1.45 


.0301 


1.50 


K 3217 


.195 


.123 


.59 


.0401 


2.00 


Na 3189 


.73 


1.0 


4.8 


.0170 


.845 
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TREATED H-ILLITE 



Wave 

Length 


Dens . 
Def lec . 


Emuls . 
Cai . 


Intens , 
Rat . 


Cone. 
Rat . 


% 

Oxide 


Si 


2988 


.577 


.63 






52.6 


Fe 


2599 


,842 


1.57 


2.50 


.140 


7.36 


A1 


3066 


.730 


1.13 


1.8 


.390 


20.6 


Ca 


3006 


.536 


.505 


.80 


.0006 


.030 


Ti 


3261 


1.15 


3.34 


5.3 


.0177 


0.93 


Mg 


3332 


.443 


3.85 


. 6l 


.0196 


1.03 


K 


3217 


.633 


.725 


1.15 


.127 


6.66 


Na 


3189 


. 644 


.79 


1.25 


.00211 


.111 



Ill 
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Total "o 


i 

100.128 
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TABLE IV 



SAMPLE 


B.E. Value 
(Spectro- 
graph) 


Av. 

Max.BEC 
(Amm.Dist . ) 


Max. BEC* 
(Potentioraetric 
Titration) 


KAOLINITE 


6.92 


7.9 


2.27 


ILLITE 


25.1 


17.5 


10 


BENTONITE 


50.29 


79.0 


35 



NOTE: All values in ne/100 g 



*As determined by Ennis and Hufft. 
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vi 

Conclusions and Recommendations 

A. Preparation of Samples for B. E. C. Determin- 
ations. 

B. Base Exchange Capacity 
G. Spectrcgraphic Analysis 
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Conclusions and Recommendations 
A. Preparation of Sample 

As stated in the procedure a different method of particle 
separation was employed for each of the three clay types inves- 
tigated. The relative merit of each method will now be discussed. 
Gravitational Separation 

Gravitational sedimentation was the easiest method. It in- 
volved no attention during the settling period, requiring only 
dispersion with the high-speed mixer at the outset and decantation 
after the calculated time interval. The desired fraction however, 
was in a saturated state and necessitated drying for weight meas- 
urements. 

Separation by Centrifugation 

Centrifugation was a more expeditious method of separation, 
but required more attention »f the operator. The resultant frac- 
tion was saturated. 

Separation by Roller Analyzer 

Separation by this method required many more man-hours of 
operation and was more tedious than either of the other methods. 
Twenty-five hours of full-time operation yielded only five grams 
of Wyoming Bentonite. 

Advantages and Disadvantages 

The primary advantage of sedimentation and centrifugation is 
the comparative ease with which the sample is obtained. However, 
both methods furnish a saturated sample. Subsequent drying for 
the necessary weight measurements results in an unmeasurable de- 
gree of reaggregation. The desired particle size has been 



*•'>» T *• ‘ 
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enlarged, an unknown amount. 

On the other hand the sample produced hy the Roller Analyzer 
is more nearly the desired size. Operation of this apparatus is 
more tedious than either of the fore-mentioned methods. 

Selection of method will therefore he dependent on whichever 
consideration is of paramount importance; ease of separation, or 
accuracy of the particle size separated. 



' ? 



62 



B. Base Exchange Capacity Determinations 

There are two major reasons why determination of exchange 
capacity by the ammonia distillation method is sir.ipler than other 
methods; 1) the ease of disassociation of ammonia from the clay 
upon heating and the simple titration associated with its release 
and 2) the need for only small amounts of test sample. Since 
considerable time must be spent to separate clay samples in the 
colloidal range, any method requiring small quantities of sample 
is preferable. It is a relatively rapid method for measuring the 
change in B. E. C. with varying pH. 

It was found that the B. E. C. varies over the range *f pH, 
reaching a maximum at pH 9 for all three clay types. Noticeable 
discrepancies for maximum B. E. C. are noted for each parameter, 
however the rate of change of exchange capacity with pH is quite 
similar. This bears out the importance of proper laboratory 
technique in the distillation procedure. Reagents must be accur- 
ately prepared and kept up to strength, and the distillation pro- 
cedure must be meticulously followed. The average or composite 
curves are in agreement with Hosking' s report and extends his 
findings to include Illite. 

A series of tests of a laboratory mixture of equal parts of 
the three clay minerals indicated a total B. E. C. approximately 
proportional to the per cent by weight of the exchange capacities 
of the component parts. 

The following recommendations seem justified after concluding 
our tests. Modification of the Procedure suggested 1 by J. Munzer 
where boric acid is substituted for standard hydrochloric acid 
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proved, to be a judicious one. It has been found in sewage analysis 
that distillation into boric acid was easier, more accurate, and 
furnished closer duplication of results than distillation into 
hydrochloric acid. Insertion of two glass beads in each distilling 
flask counteracts the tendency to superheat and reduces the conse- 
o,uent "bumping" (vigorous boiling). Another change in Hosking's 
procedure concerned the use of a color indicator in the titration 
process. Methyl red was found to be the best indicator, and we 
suggest the use of seven drops of indicator for facility in match- 
ing colors in the titration process. The phrase "base exchange 
capacity" is insufficient. Since the exchange capacity of a soil 
varies both by the specific method utilized and the pH it can be 
stated correctly only by reference to those variables. We suggest 
the complete phrase be "the maximum base exchange capacity as de- 
termined by the process of ammonia distillation at pH Q is ." 

This connotation conforms to repeated experimental results that 
the 3 . E. C. is a maximum at pH 9* 

If more time was available, it would be interesting to com- 
pare the results obtained by this method with those secured from 
a thorough chemical analysis of the constituents. 
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C. SPECTROGR^PHIC aKaLYSIS 

The preparation of samples and general procedure as 
developed by Reuss proved highly satisfactory. The use 
of high purity carbon electrodes and graphite serves to 
lower the amount of impurities. However, there are cer- 
tain serious limitations that very definitely affect the 
results of an analysis. First, the accuracy of the per- 
centage of any one element present depends on the accur- 
acy of the analysis for all the other elements present; 
second, the effect of mineralogical differences in all 
types of clays may not be completely removed by the 
addition of sodium fluoride; third, the addition of the 
sodium fluoride itself will introduce impurities into the 
sample; fourth, the range covered by the working curves 
is small; and fifth, the limitation imposed by the re- 
solving power of the spectrograph itself such that all 
elements are not discernible in the spectrum (e.g. Hy- 
drogen and Lithium) . 

It is of interest to note that the emulsion cali- 
bration curve coincided with that of Reuss, drawn two 
years ago (1949). This speaks well for Eastman Kodak’s 
emulsifying process. 

The drift of the working curves must be checked 
every time a run is made on an unknown. This is easily 
done by including a known standard on each plate. 

Before any accurate conclusions may be drawn con- 
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corning the accuracy of the quantitative and qualitative 
analysis of the unknown clays as well as their adsorbed 
ion content, it would be preferable to analyze other 
samples chemically. However, because of the time re- 
quired for such an analysis and the degree of accuracy 
required, it is felt that the spectrograph provides a 
relatively simple means of analysis and will fall within 
the range of accuracy required. 

The clay samples prepared by Ennis and Hufft were 
treated with hydrochloric acid to form H-clays. It is 
felt that for better correlation of the base exchange 
as measured by spo ctrographic analysis with the base ex- 
change capacity as found by the chemical method developed 
by Hosking,-,, an ammonium saturated clay (saturated in the 
same manner as for determination of BEG) should be used. 
The results of this phase of the investigation, therefore, 
merely measure the amount of hydrogen ions adsorbed by 
each clay in displacing previously attached ions. Thus, 
this base exchange value only measures a certain degree 
of the total base exchange capacity depending on the 
extent and time of treatment of the samples. 

In comparing these base exchange values with the 
average maximum base exchange capacities as previously 
determined, it is seen that for Kaolinite, approximately 
88^ of exchange has taken place and for Bentonite, approx- 
imately 64$. For Illito, the average value of base ex- 
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change capacity is only 17.5 me/lOOg, which is loss than 
the exchange value 25.1 me/lOOg. Referring to Pig. E, 
however, it is noted that Illite in two runs had a maxi- 
mum base exchange capacity of 23,1 me/lOOg which decreases 
the apparent error. The marked variation in values of 
maximum base exchange capacities for the Illite would 
seem to substantiate the base exchange value 25.1 me/lOOg 
and that may very well be the true maximum base exchange 
capacity for the Illite. 

It must be remembered that other cations may be 
present on the samples analyzed. In our work we studied 
the cations which we considered of major importance, not 
subject to limitations imposed by the resolving power of 
the spectrograph, and most likely to occur in measurable 
quantities. It is felt that any other cations that might 
actually be adsorbed in the clays studied, would appear 
in such small quantities as not to affect the results. 

Time did not permit further spectrographic analysis 
of various homoionic clays. Future work should very 
definitely bo done along those lines with emphasis on 
correlation with x-ray diffraction and base exchange 
capacity. If possible, it would be advisable to run a 
chemical analysis also, so that more positive conclusions 
can be drawn. 

However, it is felt that spectrographic analysis can 
bo used for calculating degrees of base exchange and also 



s 
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for maximum base exchange capacities for clays where com- 
plete replacement by hydrogen or ammonium ions has occur- 
red. It is hoped that techniques used in this investiga- 
tion will prove of service to future investigators. 
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P/iRT VII 



APPENDIX 



A. Data 

(1) 3EC Tests 

(2) Spectrographic analysis 

B. Sample Computations 

C. References 



KAOLINITE RUN #1 
March 21,1951 
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Dry Wt . 
Sample 
(Gras . ) 


PH 

Amm. 

Acetate 


.05N H2SO4 
used for Ti~ 
tration(mls .) 


Base Exchange Capacity ~ 
100 N (B-T) f W 


Or 


5 


1.31 

0,01 

1.3 


loot .05)1.3 _ „ 0 
0.1085 


0.1133 


5 


2.59 

1.32 

1.27 


100(.05)(1.27) _ « 0 

0.1133 20 


0.1055 


6 


4.99 

2.60 

2.39 


1001. 051(2.39) = n ?l ? 
.1055 


0.0730 


7 


1.11 

0.01 

1.10 


100 05 ) ( 1 . 10 ) _ „ 

.0730 00 


0.0806 




1.68 

1.14 


100 (.05) (.54) _ ' , 

.oSo6~ 


0.1009 


9 


2.08 

1.70 

.38 


100(.05)(.3S) _ 0 

.1009 ~ * 


0.1225 


Io“ 


2.90 

2.09 

.81 


100( .05)(.81) _ o-> n 

.1225 


0.1305 


11 




(Supernatant Liquid not 
clear) 



T 



COMMENTS: (1) Boric acid solution was nade weaker by- 

mistake, consequently, excessive H 2 SO 4 was 
needed for back titration. 

(2) Large pipette was used for titrating. It 

was difficult to match the color of sample 
with the blank. 

(3) These results were considered invalidated for 

the above reasons, and were not included in 
graph. 
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KAOLIN ITS RUN #2 
March 31, 1951 
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Dry V/t . 
Sample 
(Gras . ) 


PH 

Aram. 

Acetate 


. o5N H2SO4 
used for Ti- 
tration (nils . ) 


Base Exchange Capacity = 

100 N ( 3-T) 4 W 

• 


0.1090 


4 


0.59 

0.42 

0.07 


5L.P7 1 = 32 
0.1090 J 


.0965 


5 


2.38 

2.32 

o7o£ 


5(0. 06) . 

.09^5 3*11 


0 . 1185 


6 


0.71 

0.59 

0.12 


5 (.12) _ , 0 * 
~ll85 5,05 


0.0990 


? 


0.89 

0.76 

0.130 


5(-130) - 6 6 
.0990 


0 . 1285 


8 


0.88 

0.71 

0.17 


5(-17) - 6 7 

.1285 


0.1112 


9 


1.20 

1.00 

0.20 


5(. 20) _ 0 0 
.1112 


0.1070 


10 


1.47 

1-37 

0.10 


5( .10) _ ,, - 
0.1070 ' ( 


0 . 1033 


11 


2.43 

2.48 

0.05 


5 ( . 05 ) =• 0 ij.o 
0.1033 



COMMENTS: (1) Good control throughout 

(2) Seven drops of methyl red indicator were used 
instead of three drops as stated in pro- 
cedure. This modification resulted in 
easier matching of the colors for titration. 
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KAOLINITE RUN #3 
April 17, 1951 



Dry Wt. 
Sample 
( C-ms . ) 


PH 

Amm. 

Acetate 


.05N H2S04 
used for Ti~ 
tration (mis.) 


Base Exchange Capacity = 
100 N (B-T) 1 W 


0.0908 


4 


0.315 

0.230 

0.085 


5(. 85) _ 4 7 
.0908 '< 


0.1070 


5 


0.415 

0.315 

0.100 


5 (.110) _ 7 0 
.1070 


0.1206 


6 


1.160 

1.025 

0.135 


nmn - tt 
0.1206 :>,D 


0 . 1043 


7 


0.640 

0.480 

0.160 


5 (.160) _ 0 7 
.1043 


0 . 1134 


8 


1.340 
1.160 
1 . 180 


5 (.180) _ n « 
Til'34''‘" 7,9 


0.1057 


9 


0.885 

0.675 

0.210 


5( .210) _ 0 0 

.1051 


0.1315 


10 


1.735 

1.580 

0.175 


51.175) =6.65 
.01315 


0.0927 


11 


1.580 

1.470 

0.110 


5 ( . 110) _ , 0 
.0927 



COMMENTS: (1) Samples underwent extended soaking period in 

ammonium solution (84 Hrs.). This may 
account for higher values of exchange 
capacity. 

(2) Denatured alcohol was used to wash away 
unattached ammonia. 



KAOLINITE RUN #4 

May 8 , 1951 
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Dry ¥t. 
Sample 
( Gms . ) 


pH Aram. 
Acetate 


.05 N H 2 SO 4 
used for Ti- 
tration (mis.) 


Base Exchange Canacity = 

100 N(B-T)"7 ¥ " 

• 


.0985 


~TT~ 


0.570 

0.550 

0.02 


5(,02) _ 2_ 0° 
.0985 


.0717 


5 


0.628 
0.585 
0 . 043 


-SC -0^3) = , n 
.0717 3 * U 


. 0866 


g— 


0.690 

O .635 

.055 


51.0551 _ n ,0 
.0866 ~ °’ 32 


.1418 


7 


6.765 
0.690 
.0 75 




.1028 


”8 


0.846 

0.765 

0.075 


W-3.« 


.0835 


9 


1.320 

0.840 

“ 3 So 


51.580) _ , , 0 
.0835 


.1046 


10 


1.374 

1.320 

.054 


5 ( .054) _ . 

.1046 ~ 2,6 


.1043 


11 


1.421 

1.375 

“7646 


5 (.046) ^ « 

.1043 ~ 



COMMENTS: Good control 








OS" 
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ILLITE RUN #1 

March 2, 1951 (No organic matter) 



Dry Wt . 
Sample 
( G-ms . ) 


pH Amm. 
Acetate 


.05 N H 2 SO 4 
used for Ti- 
tration (mis) 


Base Exchange 
100 N (B-T) 


Capacity = 

- W 

• 


0.0702 


4 


22.75 

22.60 

0.15 


100 ( .05) ( .15) 
0.0762 


= 9.85 


0.2364 


5 


6 . 0 
5.2 
oTS - 


100( .05M0.8) 
. 2354” 


= 17.0 


0.0669 


“6 


same color as 
blank 

Mo titration 




0 . 2515 


7 


8.80 

7.80 

1.00 


100 ( .05M1.00) 

.2515 


• = 19.95 


0 . 1406 


8 


878" 

8.2 

076 


100 ( . 05 ) ( 0 . 6 ) 
0 . 1466 


= 21. 4 (high) 


0.1402 


9 


23.65 

22.75 

0.90 


"Too (. 05 ) ( . 90 ) 

0.1402 


= 32.0 


0.0832 


10 


22.70 

22.20 

.50 


5 ( .5 ) _ T- n 

.0832 “ i - > ' u 


0.1278 


11 







COMMENTS: (1) This was one of the earlier tests, and 

efficient technique and close control of 
titration was not established. 

(2) Results of this run are somewhat higher than 
subsequent runs; but these results were 
plotted on graph. 










\ 
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ILLITE RUN #2 
March 15, 1951 



Dry Wt . 
Sample 
( Gras . ) 


pH Amm. 
Acetate 


.05 N H 2 SO 4 
used for Ti- 
tration(mls . ) 


Base Exchange Oanacity = 

100 N (B-T) 1 W 

• 


0.0660 


4 


0.88 

0.80 

.08 


5C.08) _ f 
.o6To ” 6 -° 


0.10^3 


5 


1.04 

0.91 

0.13 


100 (.05) (.13) _ > n 
0.1068 6,1 


o . 1317 


6 


0.900 

0.595 

0.305 


100 ( .05) ( .305) _ , 

.1317 ~ i±,& 


0.0975 


7 


.55 

— ^ T '• 


"100 (.05) (.24) _ 10 n 

.0975 0 


0.1200 


8 


.93 

.62 

0.31 


0,31(5) _ ,, „ 
0.1200 


0.0957 


9 


.62 

•33 

0.29 


5 ( . 29 ) _ 25 21 
0.0957 ^ 


0.0950 


10 


0.29 

0.00 

0.29 


51,221 = ,, 2 , 
.0950 


0.1038 


11 


5.00 

4.70 

0.30 


5 ( » 30 ) — ^4 0 
.1038 14 ^ U 



ILLITE RUN #3 
April 3,1951 
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Dry Wt. 
Sample 
( Gms . ) 


pH Amm. 
Acetate 


.05 N H 2 SO 4 
used for Ti- 
tration(mls . ) 


Base Exchange Capacity = 
100 N B~T) v W 


0 , 1185 


4 


0.465 

0.150 

0.315 


JT. 315) _ 0 

0 ii%" 13 - 3 


0.1090 


5 


0.?40 

0.470 

0.270 


5(.27Q) - 12 ~ “ 

0.1090 


0.1595 


6 


1.635 

1.180 

0.455 


5( .455 ) - v,. 0 
0.1595 1 * 2 


0.1178 


7 


0.185 

0.145 

O .330 


5(0.330") _ u 

0. I 17 S ~ 14,0 


0.1007 


8 


1.180 

0.720 

0.460 


5( .460) _ OO O 

0.1007 " 


.1004 


9 


1.650 

1.180 

0.470 


5_( .• 4.7.0 ,), — 22 9 

0.1004 


0.1008 


10 


1.790 

1.440 

0.350 


5( . 350 ) _ h 

0.1008 f ' 


0.1010 


11 


1.090 

1.790 

0.300 


5 (-300) - 9 

0.1010 
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ILLITS RUN #4 
May 3 , 1951 



Dry Ut . 
Sample 
(Gins. ) 


pH Amm. 
Acetate 


. 05 N H 23 O 4 
used for Ti- 
tration (Mis.) 


Base Exchange Capacity = 
100 N ( 3-T ) ~ W 


0.1180 


4 


0.375 
0.234 
0 . 141 


5(.W1) = 6 o 
0.1180 b,U 


0.1090 


5 


0.460 

0.325 

0.135 


5 ( . 135 ) _ , „ 
0.1090 0,4 


0.0888 


6 


OOO 

• • • 

1— ’ -p-ui 
OD 

OOO 


5( . 120) _ , 0 , 

0.0888 6,75 


0 . 1385 


7 


0.800 

0.580 

0.220 


5( . 220 ) 7“ 

O.i.385 “ 8 - 00 


0 . 1285 


8 


1.070 

0.800 

.270 


5 ( . 270 ) = 10 0 , 

0.1285 10,05 


0 . 11$5 


9 


1.595 

1.290 

0.305 


5 ( • 305 ) — T *3 O 
071T53 - 13,c 


0.1420 


10 


1.290 

1.140 

0.150 


' "5 ( .15 0) TTT 
0 . 1420 - 50 


0 . 1142 


11 


1,173“ 
1.295 
o'. 068 


5( . 068 ) _ „ n 
o.ll42 
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BENTONITE RUN #1 
April 5, 1951 



Dry Ut. 
Sample 
(G-ms . ) 


pH Amra. 
Acetate 


.05N H 2 S04 
used for Ti- 
tration(mls . ) 


Base Exchange Ca-oacity= 

100 N (B-T) 1 tf 

• 


0 . 1180 




2.00 

0.30 

1.70 


5(1.70) _ _ n 
0.1180 ^ ,u 


0.07^7 


5 


0.72 

0.31 

0.41 




0 . 1040 


~T> 


1.56 
0 .41 
1.15 


5(1.15) _ ^ “ 

0.165 ~ 56 *° 


0 . 1204 


7 


1.61 

0.01 

TT£o 


5(1.00) = 5 

0.1204 0 


0.0962 


“8“ 


“1733“ 

0.15 

1746 


miA) „ 

0.0962 ~ 72.8 


0.1015 


9 


3.14 

1.49 

1.65 


5(1.65) _ o-j 0 
0.1015 0 


0.1180 


10 


2.02 

0.63 

1.39 


3(1.39.) ^ 7T ~ 
0.1180 Dy 


0 . 1140 


11 







COMMENTS: 7 drops of Methyl Red used for indicator 

Samples at pH 1/ and 10 difficult to filter, 
because sample peptizes. 



BENTONITE RUN #2 
April 19, 1951 
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Dry ‘.ft. 
Sample 
( G-ms . ) 


pH Amra. 
Acetate 


. o5 N H 2 SO 4 
used for Ti- 
tration (Mis . ) 


Base Exchange Capacity 
100 N (B-T) 1 W 


0,1391 




1.850 

0.100 

T77T 


0.1391 ^ 


• 0848 


5 


1.125 

0.435 

0.690 


5 ( . 690 ) _i.no 
O.O896 40,8 


.0780 


6 


1.925 

1.125 

0.800 


5(.8oo) _ r~ 
.0780 


0 . 10^5 


7 


1.770 

0.600 

1.170 


5(1.170) ~~ 
0.1045 ~ - 56 - 1 


0.1050 


8 


2.600 
0.440 
"2 . 160 


0.1050 “ 103 * 0 


0.1000 


9 


1.930 

0.420 

1.530 


0.1000 ' 


.0650 


10 


0.950 

0.345 

0.605 


5(0.605) _ ,, 6 , 
.0650 


.0870 


ll 


1.450 

0.940 

0.510 


5.1 PlO) _ 29 1 

.0870 - ^9.i 
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BENTONITE RUN #3 

May 5, 1951 



Dry ¥t. 
Sample 
( Gms . ) 


pH Amra. 
Acetate 


.05 H 2 S0a 
used for ti~ 
tratlon(mls . ) 


Base Exchange Capacity= 

100 N(B-T) i ¥ 

« 


0.125 
Remarks : 


7 

Micro-buri 
tration r 


3.2 
1.0 

2.2 

?tte would lncr 
icasurements . 


100 ( .05)2.2 _ _ 

0.125 - 86>1 

ease accuracy of ti~ 


0.0700 


“4 


0.980 
Q-350 
0 . 630 


5U63Q) _ ,77T~ 
0.0700 


0.1156 


5 


2.090 
0.980 
1 . 110 


5(1.110) = AA n 

oTDJB 0,u 


0.1243 


6 


2.000 

0.458 

1.515 


5(1.515) _ ~ n : 

0.1243 ~ 60,5 


0.1025 


7 


1.562 

0.375 

1.187 


5U.187) 

0.1025 


0.1078 


TP 


2.890 

1.562 

1.328 


0.1078 Dyo 


0 . 1045 


9 


2.000 

0.710 

1.290 


5(1.290) 

1.045 “ 62,0 


0.1107 


10 


i.44o 

0.310 

1.130 


5.(1 .3-3.0) = 51 0 


.0858 


li 


2.035 

1.44o 

67395 


5( -595) . -n 7 

.0858 ~ 34.6 
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MIXED SAMPLE* 
April 10, 1951 



Dry v7t. 
Sample 
( Gms . ) 


pH Amm. 
Acetate 


.05 N H 2 SO 4 
used for Tl- 
tration(mls. ) 


Base Exchange Capacity = 
100 N (B-T) f W 


O.OS77 


9.1 


1.660 

1.065 

0.593 


loot. 05 ) ( . 595 ) , 0 

.0672 J * U 


0.0968 


9.1 


1.380 

0.780 

0.600 


100 (.05) (. 60 ) _ ' 
.0968 31,0 


0.1080 


9.1 


0.780 

0,130 

0.650 


100 ( . 05 ) (. 65 ) _ o n 0 

"0.1680 3 °* 2 


0.1200 


9.1 


1.835 

1.460 

0.425 


100 (. 05 ) (. 425 ) _ „ 

0.1200 


0 . 0765 


9.1 


0 . 790 
0.385 
o. 4 o 5 


100 (. 05 ) (.^ 05 ) - of c 
0.0765 ° 


0.1015 


9.1 


1.260 

0.850 

0.410 


100 (.05) (. 410 ) 

6 *:i 613 ~ 20 * 2 


0.0968 


9.1 


1.680 

1.270 

0.410 


100 ( . 05 ) ( .410 ) zrz 
0.0968 ~ 



•-•SAMPLE composed, of equal parts by weight of Kaolin, 
Illite, and Bentonite. 






V \ ‘ 







C • 
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data 

Computod B.E. V^luo from Spectrograph 
Kaolin! te Oxide diff. in % treated and untreated 



Ca 

Ti 

Mg 

K 

Na 



CaO 


.103 


TiOg 


.010 


MgO 


.010 


KgO 


.060 


NagO 


.030 


.103 


x 40 x 2_ 

33 40 



.01 x x i_ x 1000 - 0.50 
80 48 

.01 x 24 x 2 x 100Q 0 .50 

40 24 

.06 x 13 . x 1 x 1000 - 1.27 
94 39 

.03 x || x x 1000 - 0.97 



6.92 m.e./lOOg 



Illito 



Oxide 


diff. in 


CaO 


.213 


Ti ° 2 


.125 


MgO 


.130 


k 2 0 


.190 


Na 2 0 


.021 



Ca 


.213 


X 


1000 

28 


r 


7.62 


Ti 


.125 


X 


1000 




6.25 








2D 






Mg 


.130 


X 


1000 

20 


= 


6.50 


K 


.190 


X 


1000 




4.05 








47 






Na 


.021 


X 


1000 




0.68 








“3T- 





25.10 m.e./lOOg 
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Bentonite 


Oxide 


diff . 


in % 




CaO 

TiOp 

MgO 

KpO 

Na 2 0 


.090 

.100 

1.760 

0.040 

0.100 




Ca 


.09 x 


1000 
28 " 


3.21 


Ti 


.10 x 


1000 
20 ' 


5.00 


MS 


0.76 x 


1000 
20 ” 


38.00 


K 


.04 x 


1000 
47 ~ 


0.85 


Na 


.10 x 


II 

O 

O rH 

o to 

rH 


3.23 
50 . 29 



content 



m.o.lOOg 
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METHOD USED FOR COMPUTING RESULTS 
OF SPECTROGRaPHIC hNaLYSIS 



From tho analysis curves, the concentration ratios 

/&AI9O3 ^Fe P 0-z . , 

£ 0 a.-E , etc. are obtained. 

^SiOg $SiOg 
To determine ?oSiOg: 

foSiOg | ^A1 2 0 3 | ^Fe 2 03 | #MgO f ^TiOg \ #CaO 
+ $KgO f ^NagO } ^Ignition loss = 100 



Solving 




To determine $ of other constituents 
Example ^AlgO^ 

/^AlgO^ ~ /aSiOg X ^AlgOj 

^SiOg 
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sample computations 



Example H-Bentonite 



Concentration Ratios 
.0247 
.055 



Ignition loss = 



Pe 2 0 3 



a1 2°3 

CaO 

Ti° 2 

MgO 

k 2 ° 

Na 2 0 



.00005 

.00127 

.0281 

.00346 

.00494 



f 0 SiOp - 




100 - 9.34 




1} . 0247} . 055} . 00005} . 00127} . 0281 


% Si0 o = 


90. 66 m,n 




1.11752 ‘ 


2^3 = 


81.0 


x .0247 = 2.000 


^Al 2 03 - 


81.0 


x .055 : 4.450 


$CaO : 


81.0 


x. 00005 = 0.040 


f 0 Ti0 2 s 


81.0 


x. 00127 = 0.103 


foil gO = 


81.0 


x .0281 = 2.280 


II 

o 


81.0 


x. 00346 = 0.280 


$Na 2 0 z 


81.0 


o 

o 

• 

o 

II 

CD 

O 

o 

• 

X 



9.553 



9.34^ 



1.00494 



chock - 9.553 } 81.0 } 9.34 = 99.893^ 



vC.* 












1 
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METHOD OP CALCULATING BASE EXCHANGE 
VALUE FROM SPECTROGRAPHIC ANALYSIS 



B.E.V. - Base exchange value in m.e./lOOg 

Difference in % Oxide Present x Molecular Wt. of Elemgrrt 

Molecular Wt. of Oxide 

_ grams of element 
100 g of sample 



BEV - B Element x loqui v. wt , 



x 1000m. e . 

lOOg sample gram atom, wt, Element equiv.wt, 
Valence of Element 



Sample Computation Bentonit e 
Oxide Diff. in % Contont 



CaO 


.090 




Ti0 2 


.100 




MgO 


1.76 




KgO 


0.04 




NagO 


0.10 




.09 x 12 
56 


p 

X _ X 

40 


1000 - 


.10 x 12 
80 


X 1_ X 

Tq 


1000 : 



Ca 

Ti 



Mg 1.76 x Mx 2_ x iooo 
40 24 

K .04 x g x L x 1000 

y ~c o y 

Na .10 x ^2 x 1^ x 1000 = 



3.21 
5.00 

= 38.00 

= 0.85 

3 » 23 



50.29 m.e./lOOg 
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